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TECHNICAL NOTE 3194 


STATISTICAL MEASUREMENTS OF CONTACT CONDITIONS OF 
478 TRANSPORT-ATRPLANE LANDINGS DURING 
ROUTINE DAYTIME OPERATIONS 


By Norman 5. Silsby 
SUMMARY 


Statistical measurements of contact conditions have been obtained 
by means of a specially built motion-picture camera of 478 landings of 
present-day transport airplanes made during routine daylight operations 
in clear air at the Washington National Airport. From these measure- 
ments, sinking speeds, rolling velocities, bank angles, and horizontal 
speeds at the instant before contact have been evaluated and a limited 
statistical analysis of the results has been made. 


The analysis indicates that, for transport airplanes in general, the 
gusty-wind condition had a substantial effect in increasing the values of 
sinking speed, bank angle, and rolling velocity likely to be equaled or 
exceeded once for a given number of landings but had essentially no effect 
on the airspeeds at contact. Specifically, in 1,000 landings under con- 
ditions of no gusts, the values of sinking speed, bank angle, and rolling 
velocity (in the direction of the first wheel to touch) likely to be 
equaled or exceeded once are 5.5 ft/sec, 1.869, and 4.4 deg/sec, respec- 
tively; for the same probability of 1 out of 1,000 landings made under 
conditions with gusts ; the values of these respective quantities increase 
to 4.7 ft/sec, 6.69, and 5.3 deg/sec. In general, the transport airplanes 
landing at Washington National Airport touch down at airspeeds which have 
& considerable margin above the stall; in 1 out of 1,000 landings, the 
landing speed will probably equal or exceed an airspeed 60 percent above 
the stalling speed (based on an assumed loading of 0.9 of the maximum 
permissible landing weight). 


Although wing loading was seen to have some effect on the sinking 
speeds of various transport airplanes, that is, there was a tendency for 
airplanes with higher wing loading to land with higher sinking speeds, 
the actual correspondence was rather poor, and study of a greater number 
of landings is required in order to isolate the influence of wing loading 
and other parameters which cause the differences in sinking speeds for 
the various types of airplanes. 
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INTRODUCTION 


At the present time, airplanes and their landing gears are being 
designed to satisfy landing-loads requirements which are based on experi- 
ence with earlier airplanes. Design procedures also are based largely 
on past experience. The sizes and speeds of airplanes have steadily 
increased, with associated changes in structural flexibility, weight dis- 
tribution, landing speeds, and other characteristics, since these design 
procedures and requirements were established. For this reason and as a 
result of the increased economic pressure toward a reduction in weight, 
it has become necessary to reexamine the landing-loads problem in order 
to establish up-to-date requirements and design procedures thet will 
insure safety with the least possible cost in weight. 


The first step in developing more rational landing-loads require- 
ments is to obtain information on the severity and frequency of the load- 
producing conditions likely to be encountered by an airplane in landing. 
The conditions which produce or influence the Loads on the landing gear 
and airplane structure are the sinking speed, horizontal speed, attitude 
angles, angular velocities, and so forth, which exist at the instant of 
touchdown. Since so many indeterminate factors influence these quanti- 
ties, they must be treated as a statistical problem. For the case of 
aircraft-carrier operations, a substantial amount of statistical informa- 
tion on landing approach conditions has been obtained by the Navy and is 
being augmented continually. For land-based operations, on the other 
hand, very little suitable information is available, particularly for 
operations of present=day transport airplanes. 


The National Advisory Cammittee for Aeronautics has recently under- 
taken the project of obtaining statistical measurements of landing con- 
tact conditions for present-day transport airplanes during routine opera- 
tions. The equipment for obtaining the measurements was set up at the 
Washington National Airport in the middle of January 1953, with the per- 
mission and cooperation of the airport authorities. From that time until 
the middle of April 1953, in about 56 hours of operation (during portions 
of 15 different days), a total of 630 airplane landings were photographed 
and, of these, 478 were suitable for evaluation and analysis. 


Preliminary results for the first 126 usable landings (the first 
20 hours of operation), together with & brief statistical analysis, have 
been reported in reference l. These 126 landings also are included in 
the analysis of the 478 landings reported herein. Photographs were 
obtained for the landings of varieties of present-day twin-engine and 
four-engine airplanes. From these records, sinking speeds, horizontal 
speeds, bank angles, and rolling velocities have-been evaluated and a 
limited statistical analysis of the results has been made. 
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APPARATUS AND METHOD 


A photograph of the equipment used for obtaining statistical data 
on the landing contact conditions is shown as figure 1. The equipment 
consists essentially of a constant-speed 55-millimeter motion-picture 
camera fitted with a telephoto lens of 40-inch focal length, supported 
on a vertical shaft which provides for tracking the airplane only in 
azimuth. The trailer on which the equipment is mounted can be raised 
on jacks to permit very accurate leveling of the camera and provide a 
rigid support. Since no instruments are installed in the airplanes, 
pilots are unaware that landings are being monitored. The camera was 
set up at a distance of 800 to 1,000 feet from the runway so that it 
offered no obstruction to aircraft on the airport proper. All the data 
in the present analysis were obtained from photographs of landings made 
at Washington National Airport on & runway which is 5,210 feet long and 
extends from & southeasterly to & nortbwesterly direction. 


The sinking speed for each of the two wheels of the main landing 
gear is determined from & consideration of the range and the time rate 
of change of wheel location, which in turn is obtained by measuring the 
change in image-wheel position over a 5-frame interval (4 time intervals) 
immediately prior to first-wheel contact. The camera runs at an accur- 
&tely controlled rate of 25 frames per second; thus, the sinking speed 
(as well as the other quantities) is determined over & time interval of 
4/25 second prior to contact, which corresponds to a vertical height of 
about 1/3 foot for a sinking speed of 2 ft/sec. The formula used to 
determine vertical velocity for each of the main-gear wheels is given 
in reference 2 along with its derivation and the corrections to be 
applied. The average of the sinking speeds for the two main-gear wheels 
is considered to be the sinking speed for the airplane center of gravity. 
Some center-of-gravity sinking speeds were obtained by reading a point 
on the fuselage near the center of gravity for those landings in which 
both wheels were not visible. 


The rolling velocity of the airplane is determined from a considera- 
tion of the known wheel tread and the difference in the values of sinking 
speed for the two wheels. The roll-attitude angle, or bank angle, at the 
instant of contact is determined from the relative vertical positions of 
the wheel images, together with the range and wheel tread, according to 
the formula: 


h h 
g = AGO [ζω -n) προς - fa - Lt Be) cos e 
x T cos 6 e 
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where 

à distance from film-frame reference to optical center 
of frame, 0.536 in. 

D perpendicular distance to center line of runway from 
camera, 795 ft 

f lens focal length, 40 in. 

hy distance from film-freme reference to left wheel, in. 

ha distance from film-frame reference to right wheel, in. 

T airplane main-axle wheel tread, ft 

8 azimuth angle at camera between D and line to airplane 
wheels at time of contact, deg 

g bank angle, deg (positive for right bank) 


The photograph in figure 2 is a sample frame from a landing sequence 
and illustrates the appearance of the record for a relatively large roll 
angle at contact (5.59). The instant of contact can usually be deter- 
mined readily by the puff of smoke from the tire. The spot of light 
appearing in the center of this figure is produced by instrumentation 
in the camera which denotes the azimuth angle for use in evaluating the 
data and is not due to any installation in the airplane. 


Horizontal velocities are determined from the change in position of 
the airplane image with respect to the image of a stationary background 


object appearing in two or more successive frames according to the 
equation: 


where 


Ah change in distance on film from airplane image to 
image of background object, in. 


At time interval corresponding to Ah, sec 
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Vg horizontal velocity, ft/sec 


g' azimuth angle at camera between line of D and line 
to airplane center of gravity at time of frames in 
which Ah was measured 


Horizontal velocities were determined as closely as possible to the time 

of contact; in no case did the time exceed 1/2 second prior to contact. 
Because the Longitudinal deceleration immediately prior to contact nor- 
mally will be about O.lg, the horizontal velocity 1/2 second before contact 


would be about 15 ft/sec higher than the actual velocity at contact. A 
more complete and detailed description of the apparatus and equipment, 


considerations in design, method of operation, and data reduction can 
be found in reference 2. 


Landings were photographed for twelve present-day twin-engine and 
four-engine airplanes; general specification data for these airplanes 
are given in table I. 


ACCURACY 


The accuracy in terms of probable error in the quantities deter- 
mined as a result of errors in film reading and the error introduced by 
neglecting the vertical acceleration is as follows: 


Sinking speed, ft/sec e e 9 9o] ee o9 ee 9 9 c9 6 ὁ 9 ο « ο ὁ ο ο Σ0.1 
Rolling velocity, deg/sec . . « . « +e ee ee ο» ο ο ο ο rn +1 /h 
Hank angle, θεα ο e ὃς ee ee Kl μα: Se EIS EAR ο πο: 
Horizontal velocity, ft/sec... . «eee ee ο eee e ts +125 


For a more detailed account of sources of error and accuracy of the 
results, especially with regard to sinking speed, see reference 2. 


PRESENTATION OF RESULTS 


The values of sinking speed, forward ground speed, bank angle, 
rolling velocity, and other pertinent data are listed in table II for 
each of the 478 airplane landings. The statistical analysis of these 
results is presented in terms of frequency distributions (figs. 3 and }) 
and probability curves (figs. 5 to 11). The data have been analyzed as 
a whole as well as grouped according to landings with and without gusts, 
where the gusty condition is defined (according to ref. 3) as sudden, 
intermittent increases in speed with at least a lO-mph (9-knot) variation 
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between peaks and lulls. The peaks must reach at least 18 mph (16 knots), 
and the average time interval between peaks and lulis should usually not 
exceed 20 seconds. 


The Pearson type III probability curves were determined in the 
manner described in reference 4. Values of the statistical parameters 
(mean value, standard deviation c, and coefficient of skewness az) 


for sinking speed, bank angle, rolling velocity, and airspeed at con- 
tact, which are used. in the determination of the probability curves, 
are listed in table III for the various airplane categories and gust 
conditions. These curves, which fit the data reasonably well, provide 
a systematic fairing of the data and permit some extrapolation, which 
gives an indication of the magnitudes of the various quantities likely 
to be encountered in a greater number of landings than were actually 
observed. κ. E Mum d x 


The stalling speeds used in this evaluation were taken from flight 
manuals of the various airplanes or from the available test results for 
the landing configuration, with the arbitrary assumption that the landing 
weight was 90 percent of the maximum permissible landing weight. The 
airspeed was determined as the sum of the measured horizontal speed and 
the parallel component (in the direction of the runway) of wind velocity 
measured at the control tower. ii 


STATISTICAL ANALYSIS AND DISCUSSION 


Sinking Speed 


The frequency distributions of sinking speed for the center of 
gravity and the first wheel to touch (fig. 3) are very similar and indi- 
cate no significant difference in the statistics of these quantities. 
Only sinking-speed data pertaining to the center of gravity of the air- 
plane therefore are presented in the rest of the paper, and these data 
may be considered to apply to either the center of gravity or the first 
wheel to touch. 


The frequency distributions of the percentage of landings occurring 
in various 0.5-ft/sec ranges of sinking speeds (fig. 4(a)) show that the 
greatest percentage (29.5 percent or 141) of the landings occurred in 
the range from 1.0 to 1.5 ft/sec. The mean for all 478 landings was 
1.38 ft/sec, and no landings exceeded a sinking speed of 4.5 ft/sec. A 
comparison of frequency distributions of sinking speeds for conditions 
of gusts (271 landings) and no gusts (207 landings) indicates the marked 
effect of gusty conditions on sinking speed (fig. h(b)). Although the 
greatest percentages of landings for the gusty condition (28.7 percent) 
and the no-gust condition (30.4 percent) occurred in the same range of 
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sinking speed (1.0 to 1.5 ft/sec), substantially greater numbers of 
landings are shown to occur at lower sinking speeds for conditions of 
no gusts than for gusty conditions. At the higher sinking speeds, a 
greater number of landings occur for the gust condition than for the 
no-gust condition. The mean value of all sinking speeds for conditions 
of no gusts was 1.22 ft/sec, and the standard deviation was 0.57 ft/sec; 
the mean of all sinking speeds measured in gusty-wind conditions was 
1.50 ft/sec, and the standard deviation was 0.76 ft/sec. No landing 
exceeded a sinking speed of 2.) ft/sec for conditions without gusts; the 
maximum value of sinking speed attained during gusty conditions was 

4.5 ft/sec. The wind velocity (measured at the control tower) for con- 
ditions of no gusts ranged up to 18 mph with cross-wind components (at 
909 with respect to the direction of the runway) up to 11 mph. For the 
gusty condition, the mean wind speeds ranged from 14 to 28 mph with gust 
velocities up to 48 mph and cross winds up to 17 mph. It cannot be 
definitely stated, therefore, that the differences shown are due solely 
to gustiness, inasmuch as the associated higher winds and higher cross 
winds may &lso have some influence. 


Although the difference in mean values of sinking speed between the 
landings with gusts (1.50 ft/sec) and the landings without gusts 
(1.22 ft/sec) was only of the order of 1/4 ft/sec (fig. h(b)) for this 
number of landings, the difference was significant according to a method 
of statistical analysis concerning significant differences in variables 
(ref. 5). The difference in standard deviations from the means was also 
significant. 


The probability curves of sinking speeds for all airplane landings 
are shown in figure 5 and indicate in a more graphic manner the effect of 
gusty conditions, as compared to the no-gust condition, on the probability 
of occurrence of various sinking speeds. For example, the curve for the 
condition without gusts, under which 201 observations were made, indi- 
cates that a sinking speed of 2.5 ft/sec would be expected to be equaled 
Or exceeded once in about 1,000 landings; the curve for gusty conditions 
(271 landings) indicates that the same sinking speed (4.5 ft/sec) should 
be equaled or exceeded once in only about 60 lendings. For gusty condi- 
tions, a value of sinking speed of 4.7 ft/sec would be equaled or exceeded 
once in 1,000 landings. The curve for allt landings, which combined the 
conditions of gusts and no gusts in & relative frequency of occurrence 
of about 3 to 2, indicates that 3.5 ft/sec will probably be equaled or 
exceeded once in about 150 landings. 


For six types of airplanes, the probability curves of sinking 
speed based.on 36 to 100 observations per type indicate substantial 
differences in the probability of equaling or exceeding a given sinking 
speed (fig. 6). These probability curves for the various individual 
transport types are preliminary and should be considered to indicate 
trends only, in view of the relatively small number of landings for the 


8 NACA TN 3194 


different types. A comparison of the probability curves of sinking speed 
determined from the data of the first 60 landings for all airplanes, and 
then, successively, for 126, 243, and 478 lendings, as more landings were 
photographed, indicated that probably on the order of 200 landings are 
required to establish a probability curve which would have & practical 
degree of reliability. 


One factor which was thought to have considerable responsibility 
for the difference in sinking-speed statistics for the various types of 
airplanes was the wing loading. Actually, the correlation between sinking 
speeds and wing loading is rather poor (see table I and fig. 6). Air- 
plane B which has the lowest wing loading exhibited the lowest sinking 
speeds, but, among the rest of the airplanes, no apparent relationship 
existed between wing loading and sinking speeds. In an attempt to sup- 
press the influence of factors associated with individual airplanes which 
might mask the effect of wing loading, the data were grouped into cate- 
gories of low, medium, and high wing loading. The groupings were as 
follows: The low-wing-loading group included airplane types A, B, C, 
and D with a range of gross-weight wing loadings of 27 to 55 lb/sq ft; 
the medium-wing-loading group included airplane types E, F, and G with 
a wing-loading range from 47 to 51 1b/sq ft; and the high-wing-loading 
group included airplane types H, I, J, and K with a range of wing loading 
of 65 to 80 lb/sq ft. The probability curves of sinking speed according 
to the above groupings (fig. T) indicate a tendency toward substanti- 
ating the assumption that-a given sinking speed more probably will be 
equaled or exceeded for a more highly loaded airplane, but the corre- 
spondence is still not complete. The curve for the low-wing-loading 
group indicates the Lowest probability for a given sinking speed.  How- 
ever, the medium- and high-wing-loading groups are reversed from the 
presumed order; that is, the medium-wing-loading group indicates a higher 
probability of equaling or exceeding a given sinking speed than the high- 
wing-loading group. It appears that, although the effect of increasing 
the wing loading above about 30 lb/sq ft tends at first to increase the 
probability of equaling or exceeding a given sinking speed, a point is 
reached beyond which other factors such as pilot technique, airline 
policy, airplane handling qualities, and so forth, become predominant 
and offset any further direct correspondence between sinking-speed proba- 
bility and wing loading. It should be pointed out that all the airplanes 
in the low-wing-loading group had conventional landing gears, whereas the 
aircraft in the medium- and high-wing-loading groups had gears of the 
tricycle type. 


The effect of gusts on the probability of equaling or exceeding a 
given sinking speed for the medium- and high-wing-loading groups is 
similar to that found previously for the total airplane-landing popula- 
tion (fig. 5); that is, gusty conditions increased the probability of 
equaling or exceeding a given sinking speed. However, for the low-wing- 
loading group, there was, essentially, no effect due to gusts. 
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Bank Angle 


The frequency distribution of bank angles at contact indicated & 
ratio of about 4+ to 1 for the occurrence of landings with a left angle 
of bank (left wheel contacting first) compared td landings with an angle 
Of bank to the right at contact. Two effects may have contributed to 
the predominance of left angles of bank: (1) the pilot's location on 
the left side of the airplane, which, according to the opinion of experi- 
enced pilots, results in & tendency to carry the left wing slightly low, 
and (2) a greater percentage of landings with cross winds from the left 
(left and right cross winds are in the ratio of about 10 to 1). 


The curve for the probability of equaling or exceeding given angles 
of bank for the 413 airplane landings for which this quantity was obtained 
indicates that an angle of bank of 6° will probably be equaled or exceeded 
once in about 900 landings (fig. 8). For conditions without gusts, under 
which 182 observations were made, a bank angle of 6° would be expected to 
be equaled or exceeded once in only about 8,000 landings, whereas the 
curve for gusty conditions predicts a probability of a bank angle of 6° 
once in about 450 landings. Out of 1,000 landings, the values of bank 
angie likely to be equaled or exceeded once are 4.89 ana 6.69 for condi- 
tions of no gusts and gusts, respectively. The limitation of roll angle 
imposed by some part of the airplane other than the landing gear con- 
tacting the ground first is from 8° to 169 for the four-engine transport 
airplanes and from 17° to 21° for the twin-engine transport airplanes 
considered in the present analysis. The probability curves of bank angle 
for the categories of twin-engine and four-engine airplanes, together 
with the effect of gusts (fig. 9), indicate that with the twin-engine 
airplanes there was a considerably higher probability of equaling or 
exceeding a given angle of bank than with the four-engine airplanes. 

For the total number of landings, for example, a bank angle of 5° is 
expected to be equaled or exceeded once in about 130 landings for the 
twin-engine airplanes, whereas a 5° angle of bank for the four-engine 
airplanes would be equaled or exceeded once in only about 1,000 landings. 
The effect of gusty-wind conditions, as before, is to increase the proba- 
bility of equaling or exceeding a given angle of bank. 


The difference in mean bank angles at contact and the difference in 
the standard deviations from these means between the 231 landings with 
gusts and the 182 landings without gusts (see table III(b) and fig. 8) 
are statistically significant. The differences in mean bank angles and 
the standard deviations from the means between the 242 landings of twin- 
engine transports and the 171 landings of four-engine airplanes (see 
table III(b) and fig. 9) are also statistically significant (see ref. 5). 
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Rolling Velocity 


The frequency distributions indicated about twice as many cases of 
airplanes rolling in the direction of the first wheel to touch as com- 
pared to those for airplanes rolling away from the first wheel to con- 
tact. The probability curves of rolling velocity (fig. 10) were com- 
puted by considering the group of rolling velocities in each direction 
as an entity. Then the ordinates of the curves for rolling both toward 
and away from the first wheel to touch were multiplied by 0.62 and 0.38, 
respectively (relative percentages of occurrence of the two events}. 
(See fig. 10.) | i 


The probability curves of rolling velocity indicate a greater proba- 
bility of equaling or exceeding a given value for airplanes rolling in 
the direction of the first wheel to touch than for airplanes rolling 
away. The effect of the gust condition increased the probability of 
equaling or exceeding a given rolling velocity for rolling in either 
direction. For example, out of 1,000 landings, the values of rolling 
velocity likely to be equaled or exceeded once are 4.4. deg/sec and 
5.5 deg/sec for conditions of no gusts and gusts, respectively. The 
differences in probabilities between the curves for the total number of 
landings for rolling in either direction decrease as rolling velocities 
increase above about 2 deg/sec. This result was also true for landings 
made under gusty conditions. 


Airspeed at Contact 


The probability curves (fig. 11) for the percentage by which con- 
tact airspeed exceeds stalling speed indicate that 1 out of 10 transport 
airplanes in routine daytime operations will touch down with an airspeed 
which is equal to or greater than 40 percent above the stalling speed 
(based on an assumed loading of 0.9 of the maximum permissible landing 
weight). For 1 out of 100 landings, the contact airspeed will equal or 
exceed a speed 50 percent above the stalling speed, and for 1 out of 
1,000 landings, the contact airspeed will equal or exceed a speed about 
60 percent above the stalling speed. Gustiness appeared to have only a 
very small effect on the airspeed at contact, as contrasted to the rela- 
tively substantial effects on the probabilities of equaling or exceeding 
given values of sinking speed, bank angle, and rolling velocity, as has 
been pointed out previously. In this case, the reason for the absence 
of an effect due to gusts may be that the airplanes land so fast that 
there is sufficient speed margin above the stall to take care of the 
gusty conditions. The effect on the airspeed &t contact due to various 
runway lengths cannot be indicated, inasmuch as all the data so far 
obtained have been for landings made on only one runway. 


NACA TN 3194 11 


The frequency distribution for the percentage of landing airspeed 
above stalling speed indicates that the greatest number of landings 
(201 out of the 478, or 42 percent) occurred in the range from 20 to 
20 percent above the stalling speed, and the next largest number (142 or 
30 percent) occurred in the range from 30 to lO percent above the stalling 
speed. These facts are evidenced in figure 11 by the relatively high 
probabilities (above 0.1) indicated by the curve at all percentages up 
to 40 percent above the stalling speed. 


CONCLUSIONS 


Results of the analysis of the 478 landings obtained during clear- 
weather operations of present-day transport airplanes landing on a run- 
way 5,210 feet long at the Washington National Airport have indicated 
the following conclusions: 


l. For the transport airplanes in general, the gusty condition had 
& substantial effect in increasing the values of sinking speed, bank 
angle, and rolling velocity likely to be equaled or exceeded once for a 
given probability but had essentially no effect on the airspeeds at 
contact. | 


(a) Out of 1,000 landings under conditions of no gusts, the 
values of sinking speed, bank angle, and rolling velocity (in the 
direction of the first wheel to touch) likely to be equaled or 
exceeded once are 2.5 ft/sec, 1.89, and 4.4 deg/sec, respectively. 


(b) Out of 1,000 landings under conditions with gusts, the 
values of sinking speed, bank angle, and rolling velocity (in the 
direction of the first wheel to touch) likely to be equaled or 
exceeded once are 4.7 ft/sec, 6.69, and 5.5 deg/sec, respectively. 


(c) The airplanes, in general, touched down at airspeeds with 
& considerable margin above the stall; the airspeed at contact in 
1 out of 1,000 landings will probably equal or exceed an airspeed 
60 percent above the stalling speed (based on an assumed loading 
of 0.9 of the maximum permissible landing weight). 


2. Although wing loading was. seen to have some effect on the sinking 
speeds of various transport airplanes, that is, there was a tendency for 
airplanes of higher wing loading to land with higher sinking speeds, the 
actual correspondence was rather poor, and study of a greater number of 
landings is required in order to analyze the influence of wing loading 
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and other parameters which cause the differences in sinking speeds for 
the various types of airplanes. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., March 17, 1954. 
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TABLE I 
GENERAL SPECIFICATION DATA FOR TRANSPORT ATRPLANES 


A 
B 
C 
D 
E 
F 
G 
H 
I 
J* 
J* 
K 


* Average of specification data for these two transport airplanes used in analysis. 
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TABLE II 
VALUES OF CONTAOT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 


38858 4394A 


positiva values - head wind. 
bPositive values = 


rolling in direction of first wheel to touch 


CPositive values - right bank. 
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TABLE LI = Continued 
VALUES OF CONTACT CONDITIONS AND OTHER PERTIMENT DATA FOR TRANSPORT LANDINGS 
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Bpositive values - head wind. 
Dpositive values - rolling in direction of first wheel to touch. 
CPositive values - right bank. 
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TABLE IZ - Continued 
VALUES OF CONTACT CONDITIONS AND OTHER PERTINERT DATA FOR TRANSPORT LANDINGS 
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Positive values - head wind. 


Dpositive values - rolling in direation of first wheel to touch. 


CPositive values - right bank. 
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TABLE LL - Continued 


VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 
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“Positive values - head wind. 


bpositive values - rolling in direction of first wheel to touch. 


CPositlve values - right bank. 
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TABLE Ii - Continued 


VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANT(IDGS 
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*positive values - head wind. 


bpogitive values - rolling in direction of first wheel to touch. 


OPositive values - right bank. 
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TABLE II - Continued 


VALUES OF CONTACT CONDITIONS AND OTHER PERTINERT DATA FOR TRANSPORT LANDINGS 
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brositive values - rolling in direction of first wheel to touch. 


“Positive values - head wind. 
“Positive values - right benk. 
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TABLE II - Concluded 


VALUES OF CONTACT CONDITIONS AND OTHER PERTINENT DATA FOR TRANSPORT LANDINGS 
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Spositive values - head wind. 


bpositive values = rolling in direction of first wheel to touch. 


Cpogitive values - right benk. 
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TABLE III 
VALUES OF STATISTICAL PARAMETERS FOR LANDING CONTACT CONDITIONS 


(a) Sinking speed 
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Figure }.- Equipment for measuring lending contact conditions. 
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Figure 2.- Sample frame from landing sequence showing smoke puff at 
tire contact. 
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Figure 2.- Comparison of frequency distributions of sinking speeds for 
center of gravity and first wheel to touch. 
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Figure 4.- Frequency distributions of center-of-gravity sinking speeds 


of transport airplanes during routine operations for all 478 landings 
and for conditions of no gusts (207 landings) and gusts (271 landings). 
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Figure 5.- Probability of equaling or exceeding sinking speed for 
conditions of gusts, no gusts, and total landings. 


NACA TN 3194 | 27 


Type of Number of 
airplane landings 


Probability 
HF 
e 
t 
no 


d 


Sinking speed, J ec 


Figure 6.- Probability of equaling or exceeding sinking speed for six 
types of airplanes. 
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Figure 7.- Probability of equaling or exceeding sinking speed for airplanes 
of low, medium, and high wing loadings and for conditions of gusts, no 
gusts, and total landings. 
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Figure 8.- Probability of equaling or exceeding bank angle for conditions 
of gusts, no gusts, and total landings. 
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Figure 9.- Probability of equaling or exceeding bank angle for twin- 
engine and four-engine types of airplanes for conditions of gusts, 


no gusts, and total landings. 
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Figure lO.- Probability of equaling or exceeding rolling velocity for 
conditions of gusts, no gusts, and total landings in direction of 
first wheel to touch and away from first wheel to touch. 
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Airspeed at contact, percent above stall 


Figure 11.- Probability curve for percentage by which contact airspeed 
exceeds stalling speed. (Stalling speed for condition of 0.9 of 


maximum permissible landing weight.) 
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